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SSA=	Qm	Mw-1	NA	Amol	 	 	 	 (23)	
	
where	Mw	is	the	molecular	weight,	NA	is	the	Avogadro	number	and	Amol	is	the	estimated	“footprint”	of	
the	molecule,	i.e.	the	amount	of	substrate	ideally	occupied	by	a	single	adsorbed	molecule.	We	could	
estimate	Amol»1.81	nm2	for	RhB		and	Amol»1.30	nm2	for	OFLOX,	based	on	STM49		orand	XRD	
measurements50		respectively.	This	is	just	an	approximation,	and	the	actual	footprint	of	the	molecules	
on	the	surface	will	likely	vary	due	to	specific	interactions	between	the	molecule,	the	solvent	and	GO.51	
We	expect	thoughtthough	that	the	footprint	will	remain	of	the	same	order	of	magnitude	of	what	was	
previously	reported.49	50	
Figure	4a	compares	the	estimated	SSA	of	blank	PS,	PSGOPSU,	PSU-GO-MW	and	PSGOPSU-GO-OV,	
estimated	by	molecular	adsorption	of	N2	from	gas,	RhB	and	OFLOX	from	water	solutions.	We	underline	
that	the	SSA	reported	should	be	considered	as	specific	to	the	material	studied,	to	be	used	only	for	direct	
comparison	among	samples,	because	it	depends	not	only	on	the	material,	but	also	on	its	interaction	
with	the	molecule	considered.		
	
		
	
–	
	
Figure	4.	a)	Comparison	of	the	area	measured	in	each	specific	molecule/substrate	combination	tested.	Conversion	from	
mg/g	to	m2/g	has	been	performed	estimating	molecular	footprint,	as	described	in	main	text.	b,c)	Schematic	cartoon	
showing	the	different	possible	capture	mechanism	of	N2	in	gas	and	of	organic	molecules	in	solutions	(see	also	ref.	48)	
	
In	case	of	nitrogen	adsorption	from	gas,	all	three	materials	give	comparable	SSA	values,	»23-2526	m2/g,	
confirming	that	the	GO	coating	and	fixation	does	not	change	the	overall	porosity	of	the	material,	and	
that	N2	adsorption	does	not	depend	significantly	on	the	surface	chemistry	of	the	different	samples.		
OFLOX	adsorption	on	pristine,	blank	PSPSU	gives	SSA=20	±	2	m2/g,	a	value	comparable	to	what	
measured	with	nitrogen;	conversely,	upon	GO	coating	the	number	of	molecules	which	can	be	captured	
by	the	material	increases	significantly.	The	estimated	SSA	increases	to	3339	±	2	m2/g	for	the	oven-
treated	PSU-GO,	and	to	67	±	4	m2/g	for	the	MW	treated	PSU-GO,	ca.	three	times	the	original	value.	
RhB	gives	even	more	extreme	changes,	likely	due	to	its	electric	charges	(being	a	salt)..	The	original	SSA	
measured	on	blank	(48	±	5	m2/g)	increases	to	95105	±	7	m2/g	for	oven	treated	PSU-GO,	and	to	135	143±	
9	m2/g	for	the	microwave	treated	sample,	corresponding	to	an	adsorption	capacity	of	6063	mg	of	
Rhodamine	per	gram	of	samplecomposite.	Such	SSA	is	more	than	five	times	larger	than	the	SSA	
measured	with	nitrogen	(24	m2/g).	Such	large	difference	cannot	be	explained	uniquely	by	the	
uncertainty	in	the	detailed	molecular	arrangement	of	the	molecule	on	the	substrates;	furthermore,	both	
RhB	and	OFLOX	give	significantly	different	SSA	on	different	substrates,	while	adsorption	of	N2	from	gas	
gives	similar	values	for	PSGO,	PSGO-MW	and	PSGO-OV.all	samples.		
		
Similarly,	tests	performed	on	100%	GO,	with	no	PS,	gave	extremely	high	values	of	SSA,	reported	in	table	
S6	(though	if	the	use	of	pure	GO	would	not	be	economically	viable	for	filters).	
The	differences	observed	in	figure	4	suggest	that	GO	can	act	as	an	effective	adsorbent	for	organic	
molecules	thanks	to	its	layered	structure,	able	to	capture	the	target	pollutants	for	more	than	6%	of	its	
weight	in	the	best	scenario	(RhB	on	microwave	treated	samples).	Adsorption	test	performed	on	pure	GO	
also	gave	very	high	values	of	SSA	(table	S5).	
It	is	known	from	characterization	of	layered	minerals	like	clay	that	the	presence	of	swelling	minerals	
should	be	suspected	when	the	SSA	measurements	in	liquid	are	significantly	higher	than	gas	adsorption	
measurements.48	GO	is	a	unique	layered	material,	which	can	easily	be	exfoliated	in	water;52	water	
molecules	can	intercalate	and	travel	efficiently	among	stacked	GO	nanosheets.53	Water	trapped	in	
between	the	GO	nanosheets	can	behave	as	bulk	water.54		
To	demonstrate	this	hypothesis,	we	performed	XRD	scans	on	PSGOPSU-GO-OV	composites	exposed	to	a	
large	excess	of	RhB	contaminants	(figure	S9	inS8,	ESI).	In	the	exposed	samples	the	(001)	peak	of	GO	
almost	disappeared,	a	clear	indication	that	the	organic	molecules	were	disrupting	the	periodic	stacking	
of	the	nanosheets.	While	intercalation	of	ions	or	molecules	can	give	XRD	peaks	in	graphite	intercalation	
compounds,	no	periodicity	could	be	observed	in	the	PSGOPSU-GO	samples	exposed	to	RhB,	likely	due	to	
the	small	number	of	nanosheets	involved	and	the	uneven	intercalation	of	RhB	within	the	GO	layers.	
	
GO	stability,	measured	by	release	tests	
Any	material	used	for	water	purification	should	be	safe,	i.e.	should	not	release	additional	contaminants	
in	the	outgoing	water.	A	complete	study	of	adsorbent	materials	should	not	only	measure	how	much	
contaminants	can	transfer	from	the	water	to	the	filter;	it	should	also	demonstrate	that	there	is	no	
transfer	of	contaminants	from	the	filter	to	the	water.	We	observed	in	target	experiments	(figure	S6S10,	
ESI)	that	our	GO	is	“intrinsically	safe”,,	while	being	highly	soluble	in	distilled	water,	butis	insoluble	in	tap	
water,	thus	being	“intrinsically	safe”	for	this	specific	application.		
In	addition	to	this	evidence,	we	decided	to	test	any	possible	release	of	GO	by	inserting	the	composite	
samples	in	a	commercial	water-filter	cartridge55	and	flowingcirculating		water	(both	mQ	and	tap	water)	
through	the	cartridge	at	2L/h	for	100	hours.		
	
Figure	5.	a)	Photo	of	mQ	water	filtered	for	100	h	through	the	PSU-GO	filter	compared	to	standard	solution	of	GO	in	mQ	
water	at	different	concentration.	b)	UV-Vis	absorption	spectra	of	water	filtered	for	100	h	through	the	PSU-GO	filter,	
compared	to	calibration	samples	of	water	contaminated	with	different	amounts	of	GO.	
		
The	filtered	water	was	then	analyzed	to	detect	possible	GO	traces	beyond	such	limit.	For	better	safety	
assessment,	we	used	two	parallel	GO	detection	techniques:	UV-vis	absorption	and	dynamic	light	
scattering.	We	compared	the	filtered	water	to	standard	samples	consisting	of	mQ	water	contaminated	
with	known	amounts	of	GO.		
We	performed	UV-vis	spectroscopy	on	water	re-circulated	for	100	hours	through	filters	containing	PSU-
GO-MW	and	PSU-GO-OV	powders	(Figure	S11,	ESI).	Detection	limit,	estimated	with	calibrated	GO	
solutions,	was	about	1	ppm.		
Figure	5	shows	the	images	of	the	recirculated	water,	as	well	as	the	UV-vis	spectra	of	the	filtered	water	
(red	line)	and	of	calibration	solutions	having	a	concentration	range	0.25-10	ppm.	The	comparison	
indicates	that	any	GO	possibly	released	in	filtered	water	was	below	1	ppm.		
Recent	work	indicate	that	safe	limits	of	GO	concentration	to	avoid	toxic	effects	are	between	few	tens	
and	few	hundreds	of10-1000	ppm	(for	a	complete	review	on	this	important	topic	see	ref.	56.	GO	limits	
for	aquatic	organisms	are	in	the	range	40-2000	ppm.57	
Experiments	in	tap	water	were	also	performed	showing	transparent	solution	even	after	concentration	of	
the	sample	(Figure	S15,	ESI).	
	 	
Figure	5.	a)	Photo	of	tap	water	filtered	for	100	h	through	the	PSGO	filter	compared	to	water	contaminated	with	10	ppm	
of	GO.	b)	UV-Vis	absorption	spectra	of	water	filtered	for	100	h	through	the	PSGO	filter,	compared	to	calibration	samples	
of	water	contaminated	with	different	amounts	of	GO.	
	
The	filtered	water	was	then	analyzed	to	detect	possible	GO	traces	beyond	such	limits.	For	better	safety	
assessment,	we	used	two	parallel	GO	detection	techniques:	UV-vis	absorption	and	dynamic	light	
scattering.	We	compared	the	filtered	water	to	standard	samples	consisting	of	mQ	water	contaminated	
with	known	amounts	of	GO.		
We	performed	UV-vis	spectroscopy	on	water	re-circulated	for	50	hours	through	filters	containing	PSGO-
MW	and	PSGO-OV	powders.	Detection	limit,	estimated	with	calibrated	GO	solutions,	was	0,5-1	ppm.	
Figure	5	shows	the	images	of	the	recirculated	water,	as	well	as	the	UV-vis	spectra	of	the	filtered	water	
(red	line)	and	of	contaminated	calibration	solutions	having	a	concentration	range	0,25	-10	ppm.	The	
comparison	indicates	that	any	GO	possibly	released	in	filtered	water	was	below	1	ppm.	
Dynamic	Light	Scattering	(DLS)	measures	the	auto-correlation	function	of	photons	scattered	by	
nanoscopic	objects	in	solution,	and	we	used	it	to	detect	the	possible	presence	of	small	particles	or	
nanosheets	released	in	water	(see	details	in	ESI,	Figs.	S4-5S13-14).	Its	application	to	non-spherical	
		
objects	is	not	straightforward,	but	it	has	been	successfully	used	for	the	characterization	of	2-
dimensional	materials	such	as	graphene	and	BN.58-60				
DLS	detection	limit	for	GO	nanosheets	was	5	ppm,	as	determined	with	calibration	solutions	of	GO	with	
known	concentration	(seesection	13,	ESI	for	the	DLS	spectrograms	and	measurement	details).).	DLS	
measurements	performed	on	tap	water	re-circulated	for	100	hours	through	filters	containing	PSGOPSU-
GO-MW	and	PSGOPSU-GO-OV	powders	did	not	show	any	presence	of	contaminants	in	the	size	range	1	
nm-10	mm	for	concentrations	>5	ppm,	confirming	that	no	significant	amounts	of	GO	nanosheets	were	
released	by	the	composite.	within	the	limit	of	detection	range.	For	comparison,	blank	PSPSU-GO	
composites	with	no	MW	or	OVstabilization	treatment	would	instead	release	large	amounts	of	debris	and	
contaminants	when	suspended	in	water,	visible	by	naked	eye	(Figure	S2	inS3,	ESI).	This	
demonstratedemonstrates	the	efficacy	of	the	microwave	processing	to	stabilize,	at	low	temperature,	
the	composite	material,	while	keeping	its	adsorption	performance	high.	
Attempts	to	concentrate	the	sample	to	further	enhance	the	detection	of	contaminants,	both	by	
ultracentrifugation	and	vacuum	evaporation	failed	(Figures	S16-S17,	ESI).		
	
Conclusions	
The	previous	sectionsdata	described	above	demonstrate	that	the	proposed	approach	is	effectivelya	
stable	and	cost-effective	PSU-GO	composite	could	be	obtained	by	fixing	a	thin	layerlayers	(ca.	10	sheets)	
of	GO	on	the	PSPSU	granules.	The	process	is	easily	up-scalable,	relying	only	on	water	processing	and	
microwaves	or	conventional	heating	activation	of	already	produced	membranes,	without	the	need	of	
adapting	already	existing	production	technologies	and	plants.	In	particular,	microwave	treatments	are	
already	extensively	used	on	large	scale	in	industry.	The	stabilization	effect	of	the	treatment	appears	very	
effective,	yielding	noa	release	of	GO	below	detection	limit	upon	extensive	testing		(2L/h	for	100	h)	as	
demonstrated	by	two	different	independent	techniques.	
The	synergic	effect	of	GO	and	PSU	can	be	demonstrated	by	comparing	the	adsorption	capability	of	the	
PSU-GO	composite	vs.	the	performance	of	bulk	GO	(see	also	table	S5	and	S11	in	ESI).	The	final	effective	
surface	area	measured	for	Rhodamine	removal	by	PSU-GO-MW	is	143	m2/g,	more	than	10%	of	the	area	
measured	in	pure	GO,	even	if	only	5%	of	GO	is	present	in	the	composite.	A	similar	estimate	can	be	done	
for	OFL,	where	the	performance	is	ca.	9%	of	bulk	GO,	for	the	5%	loading.	The	excellent	performance	
obtained	in	removing	the	target	contaminants	from	tap	water	can	be	attributed	to	the	unique	
properties	of	2D	materials.	Both	GO	and	PSU	can	capture	water	organic	contaminants;	however,	their	
meso-structure	and	capture	mechanism	is	different.	While	PSU	features	a	3D	network	of	meso-	and	
micro-channels,	GO	features	a	stacked	structure	with	nanometric	spacing,	which	changes	upon	
molecule	intercalation	(see	XRD	data	in	ESI).	To	work	at	best,	such	GO	layered	structure	should	be	fully	
accessible	from	solution,	i.e.	arranged	as	thin	layers,	avoiding	strong	aggregation	or	bulk	clusters	as	
could	happen	in	bulk	graphite	oxide	powders.	The	structure	described	here,	made	of	thin	GO	2D	
coatings	on	a	mechanically	stable	3D	structure	of	PSU	microchannels	(figures	1	and	S2)	is	thus	ideal	to	
ensure	that	all	GO	can	actively	contribute	to	the	contaminant	removal.		
Remarkably,	the	GO	coating	does	not	modify	significantly	the	porous	structure	of	the	PSPSU.	The	
standard	measurements	of	surface	area,	based	on	weak	physisorption	of	N2	molecules	in	gas,	gives	a	
similar	SSA	before	and	after	the	coating.	However,	the	interaction	of	the	composite	with	organic	
dyesmolecules	in	solution	gives	a	much	higher	effective	area	of	interaction,	which	varies	with	surface	
chemistry	and	target	molecule	structure.	Quantitative	analysis	indicates	that	the	adsorption	process	
follows	a	BET	and	Langmuir	model,	and	that	the	reason	of	improved	performance	is	due	to	the	few-
layers	structure	of	the	GO	nanosheet,	which	gives	a	higher	effective	area	available	for	adsorption	vs	
standard	bulk	polymer,	due	to	intercalation	of	the	contaminants	in	between	the	sheets.	Such	process	is	
		
not	observed	in	standard	surface	area	measurement	using	adsorption	of	nitrogen	gas	and	is	similar	to	
what	was	previously	observed	in	layered	minerals	like	clays.	Respect	to	other	layered	materials,	the	GO	
nanosheets	have	better	processability,	being	soluble	in	water,	and	a	versatile,	tunable	surface	chemistry	
which	can	attract	contaminants	with	p-p,	Vanvan	der	Waals	or	hydrogen	bonding	interactions.		
Such	materialWhile	microwaves	have	been	used	extensively	to	exfoliate	or	functionalize	graphene,	their	
use	to	“fix”	GO	on	a	polymer	substrate	has	not	been	reported	before	(patent	submitted).		
Such	method	can	be	applied	on	micro	and	ultrafiltration	membranes	already	commercially	available,	as	
well	as	scraps	deriving	from	their	preparation,	without	the	need	of	adapting	industrial	production	
systems.	
The	PSU-GO	composite	exhibits	thus	an	original	adsorption	mechanism,	interesting	for	fundamental	
science,	as	well	as	promising	potential	application	in	commercial	filters	for	water	purification,	a	topic	of	
timely	importance.	Further	work	is	ongoing	to	better	evaluate	the	industrial	feasibility	of	PS-GO	based	
filters	(patent	submitted).	
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